The HELLP syndrome, defined by the existence of hemolysis, elevated liver enzymes, and low platelet count, is a serious complication of pregnancy-related hypertensive disorders and shares several clinical and biologic features with thrombotic microangiopathy (TMA). Several recent studies have clearly shown that an abnormal control of the complement alternative pathway is a major risk for the occurrence of a peculiar type of TMA involving mainly the kidney. The aim of this study was to screen for complement abnormalities in 11 patients with HELLP syndrome and renal involvement. We identified 4 patients with a mutation in one of the genes coding for proteins involved in the regulation of the alternative pathway of complement. Our results suggest that an abnormal control of the complement alternative pathway is a risk factor for the occurrence of HELLP syndrome. (Blood. 2008;112:4542-4545)
Introduction
The HELLP syndrome, defined by the existence of hemolysis, elevated liver enzymes, and low platelet count is a serious complication of pregnancy-related hypertensive disorders. Hypertensive disorders are one of the most frequent complications of pregnancy. Their pathophysiology remains partially understood and several underlying mechanisms have been suggested and may not be exclusive. 1 Endothelial dysfunction mediated by excess placenta-derived soluble VEGF receptor 1 and placenta-derived soluble TGF-beta coreceptor is emerging as a prominent component in pre-eclampsia pathogenesis. 2, 3 However, it remains unknown why only a minority of pregnant women (ϳ 1%) develop HELLP syndrome, which shares several clinical and biologic features with thrombotic microangiopathy (TMA). 4 TMA is a disorder characterized by the occurrence of thrombi in the microvasculature of several organs, leading to thrombocytopenia, mechanical hemolytic anemia, and various organ failure. TMA may be classified in 3 main subtypes: ADAMTS13 deficiency related-TMA, complement dysregulation related-TMA, and a third category of TMA of unknown mechanism (ie, indeterminate TMA). 5 As previous studies had shown that HELLP syndrome was not associated with a complete deficiency in ADAMTS13 activity, 6 we sought to determine whether HELLP syndrome was rather associated with complement dysregulation.
Study design Patients
Between January 2006 and July 2007, we identified 11 consecutive patients with HELLP syndrome who presented to 4 French and Belgian nephrology centers. HELLP syndrome was defined by a lactate dehydrogenase level higher than 600 IU/L, an aspartate aminotransferase level higher than 70 U/L, and a platelet count lower than 150 ϫ 10 9 /L. Informed consent was obtained from all patients in accordance with the Declaration of Helsinki. Complement analysis was done as part of the usual workup regularly performed in all patients with TMA seen in nephrology departments. The study was approved by the ethics committee of Necker-Enfants Malades (Paris, France).
Complement assays
EDTA plasma samples were obtained. Plasma concentrations of factor H (FH) and factor I (FI) were measured by enzyme-linked immunosorbent assay (ELISA); C4, C3, and factor B (FB), by nephelometry. Membrane cofactor protein (MCP) expression was analyzed on granulocytes using anti-CD46 phycoerythrin (PE)-conjugated antibodies (Serotec, Oxford, United Kingdom). All coding sequences for complement factor H (CFH), complement factor I (CFI), and membrane cofactor protein (MCP) genes were sequenced as previously described. [7] [8] [9] 
Results and discussion
The clinical and biologic characteristics of the 11 patients are summarized in Table 1 .
Genetic defects of complement regulatory proteins
Four patients carried heterozygous missense mutations in 1 of the 3 genes encoding for alternative complement regulatory proteins ( Table 2) . A mutation in the SCR 5 (pArg303Gln) on the CFH gene was identified in one patient (P1) who had a normal FH plasma level. Patients 2 and 3 who presented with a normal FI level, had a mutation located in exon 10 (pArg345Gln) and exon 4 (pHist183Arg) in CFI gene, respectively. Patient 4 with a MCP A304V mutation has been previously reported. 11 All mutations had not been detected in 100 healthy subjects from the same ethnic background. The functional consequences of A304V mutation in MCP have been previously established, and this mutation clearly hinders the ability of the protein to control the complement alternative pathway (CAP). 11 The functional consequences of the other mutations noted in our patients have not yet been established. However, all amino acid variants occur near domains that are important for C3b binding (P1, R303 in CFH gene and P3, H183 in CFI gene) or near a variant, which functional analysis revealed to have a marked defect in C3b cofactor activity (P2, R345 in CFI gene; Table 2 ). Moreover, 2 patients (P5 and P6) had low C3 and factor B level, and 1 patient (P7) had isolated low FB level in the absence of any identified mutation in CFH, CFI, or MCP genes. Further workup, including screening for mutations in factor B and C3 genes, was negative in these 2 patients. However, the detection of a low C3 or factor B level in these patients clearly indicates a dysfunctional regulation of the CAP.
Constitutional abnormalities in FH, FI, and MCP, 3 major regulatory proteins of the CAP, and less frequently acquired abnormalities (antibodies) in FH, have been reported in patients with a peculiar type of TMA involving mainly the kidney. [12] [13] [14] The HELLP syndrome shares several clinical and biologic features with TMA, even though liver involvement, a hallmark of HELLP syndrome, is particularly rare in TMA. [15] [16] Our data clearly indicate a link between a deficient control of the CAP and the occurrence of HELLP syndrome. As previously reported in patients with atypical hemolytic uremic syndrome (aHUS), we identified patients with features of an abnormal activation of the CAP in the absence of identified mutations, which suggests the implication of other unknown genetic factors.
Placental tissue is a target of activated complement in physiologic and pathologic pregnancies. [17] [18] [19] Thus, local control of the complement activation is required to reduce complementinduced tissular (mainly endothelial) lesions. The precise role of complement activation in the development of pregnancy-related hypertensive disorders remains unclear. As previously suggested in patients with aHUS, pregnancy per se may trigger the complement activation and hence complement-induced endothelial lesions. We hypothesize that in patients with hypertension (preeclampsia or related syndromes) and a pregnancy-related hypercoaguable state, the coexistence of mutations in complement regulatory proteins may ultimately lead to HELLP syndrome. However, hypertension may also be partly related to pregnancy-induced renal TMA. Indeed angiogenic/antiangiogenic imbalance, a hallmark of preeclampsia (especially decreased free VEGF and PIGF) could promote hypertension both directly and through TMA.
Moreover, 4 patients had either previous (P3, P4, and P8) or subsequent (P2) pregnancies without any HELLP syndrome, which suggests that an abnormal control of the CAP is a risk factor for HELLP and that other precipitating factors (ie, pregnancy-related hypertension) are required for the occurrence of this syndrome. As in patients with aHUS, it is difficult to estimate the risk of HELLP syndrome in patients with abnormal control of the CAP.
Our study has several limitations. It included a relatively small number of patients, and thus the frequency of complement Patients with identified mutations in CFH, CFI, and MCP genes are shown in bold; patients with features of an abnormal control of the complement alternative pathway and no identified mutations in CFH, CFI, and MCP genes are shown in italics.
y indicates year; GA, gestational age in weeks; BP, blood pressure; Plts, platelet count; ALAT, alanine aminotransferase; LDH, lactate dehydrogenase; SCr, serum creatinine; ESRD, end-stage renal disease; CrCl, creatinine clearance estimated using the MDRD formula; CR, complete remission; CRF, chronic renal failure; HUS, hemolytic uremic syndrome; HD, hemodialysis; PE, plasma exchange; and NA, not available.
*Age at the onset of the HELLP syndrome. †The number of previous pregnancies is indicated in parentheses. Death of the newborn occurred in cases 2, 5, and 7.
COMPLEMENT ABNORMALITIES AND HELLP SYNDROME 4543 BLOOD, 1 DECEMBER 2008 ⅐ VOLUME 112, NUMBER 12 For personal use only. on April 16, 2017 . by guest www.bloodjournal.org From abnormalities in patients with HELLP syndrome and the phenotypegenotype correlation need to be confirmed in larger series. Moreover, complement abnormalities in fetoplacental interface (mainly endothelial cells) due to the paternal allele expression of proteins have not been explored.
Clinical characteristic of patients with HELLP syndrome and complement abnormalities
HELLP syndrome is associated with an increased morbidityincluding acute renal failure-and mortality. 20, 21 Our series included patients with renal involvement of variable severity. Acute renal failure, defined by a serum creatinine level higher than 70 M, was present in 9 patients and hemodialysis was required in 2 patients. We cannot exclude that the frequency of CAP abnormalities may be higher in patients with HELLP and renal involvement compared with patients with HELLP and no renal involvement. However, acute renal dysfunction is frequent in HELLP syndrome, reported in a minimum of 3% to 8% of patients and up to 36% to 53% of cases. [20] [21] [22] [23] Moreover, the patients included in our study had clinical and biologic features, including liver involvement, similar to those previously reported in patients with HELLP syndrome. 24, 25 Finally, in contrast to the HELLP syndrome, liver involvement, a hallmark of HELLP syndrome, is uncommon in patients with aHUS. 15 Thus, even though atypical HUS and HELLP syndrome are 2 distinct entities, our report indicates for the first time that HELLP syndrome may be part of the expanding spectrum of abnormal CAP dysregulation-associated disorders. A classification of TMA-related disorders based on the underlying pathogenic mechanisms is more relevant than the terms used to describe these entities (HELLP syndrome, aHUS, etc).
Medical history of some of our patients with HELLP is remarkable for features of (recurrent in some cases) TMA. Patient 1 with a CFH mutation had a history of unexplained chronic renal failure when she developed HELLP syndrome. She subsequently lost 2 renal transplants due, on at least 1 occasion, to widespread intrarenal thrombosis, a feature highly suggestive of TMA. Two patients with an abnormal activation of the CAP in the absence of identified genetic mutations had a full-blown TMA (aHUS in P5) or features suggestive of TMA (decreased haptoglobin and thrombocytopenia during 2 subsequent pregnancies in P6). Our report underlines the fact that patients with an abnormal control of the CAP may present with various clinical manifestations of TMA. However, it remains unknown why complement abnormalities lead to different clinical disorders. In this regard, the case of the MCP A304V mutation is highly illustrative, as this mutation has been reported in patients with aHUS, a peculiar type of C3 deposits glomerulonephritis, and HELLP syndrome. 11 Other genetic or environmental factors may modulate the clinical expression of a constitutional abnormality in the regulatory factors of the CAP, leading to a wide spectrum of complement dysregulationassociated disorders.
In summary, our results suggest that an abnormal control of the CAP is a risk factor for the occurrence of HELLP syndrome. The frequency and the phenotype-genotype correlation need to be confirmed in larger series. The treatment of HELLP syndrome, which includes steroids, plasma exchange, or fresh frozen plasma infusions, remains controversial. 26 A better understanding of the pathogenic mechanisms underlying HELLP syndrome will certainly help clinicians in adapting treatment modalities to each patient.
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